Abstract: Damages and economical losses due to problematic soils have caused researchers to conduct many studies for the stabilization of these soils within years. Especially, the use of fly ashes in soil stabilization provides great benefits in contributing to the economy, as well as decreasing the environmental pollution. In the present study, the stabilization characteristics of soil-fly ash mixtures were evaluated in terms of Atterberg limits, compaction characteristics, swell potential and unconfined compressive strength with curing effect. To determine these effects, Catalagzi and Soma fly ashes obtained from Turkey were used in different proportions by weight for stabilization of clay soil samples. It was found that the plasticity index of the soils decreased considerably with the addition of fly ashes, while the strength improved and swell potential decreased. The decreasing trend in the swell percentage and swell pressure values decelerated especially after 25% fly ash additive content and negligible changes occurred. Similar behavior was observed in strength tests. Experimental results show that swelling and strength properties of the soils could be improved by using fly ash and Soma fly ash is far more effective than Catalagzi fly ash.
Introduction
Soils frequently confront with us both under the foundations of structures and in engineering projects as a construction material. Engineering properties of soil could change within a wide range depending on the site conditions, in addition to the type of soil. Moreover, the soil condition in construction sites may not have the desired properties all the time. Rapid changes in population and urbanization cause civil engineers to have to make constructions on soils that are described as problematic soils. Soils with insufficient bearing capacity, excessive settlement problem, liquefaction potential, slope instability, swelling and dispersibility potential are known as problematic soils. Although the demolition of these soils is accepted as problematic and instead, the use of a convenient soil or changing the construction place could be accepted as a solution, these solutions are not accepted in technological and especially economical terms. For this reason, mechanical or chemical soil improvement methods have been used for a long time to improve the engineering properties of the problematic soils [1] .
Especially, expansive soils are known to be a significant problem in geotechnical engineering. Swelling is defined as unsaturated clay soils taking water inside their body by interaction with water and increasing in volume depending on this process. Swelling-shrinking behavior of the expansive soils causes serious problems, especially in light structures such as coatings, foundations, drinking water distribution line and watering pipes [2] . In the literature, there are serious experiences belonging to damage formed by expansive soils [3] [4] [5] . Nelson and Miller [3] have expressed that the economic losses occurring due to buildings constructed on expansive soil, or constructed with the use of expansive soil, are more than the losses of earthquake, flood and storms. Steinberg [4] has specified that the damage occurring due to swelling soil just in the USA is annually billions of dollars. In Turkey, it is also known that similar problems have been experienced in the construction of light watering structures of the Southeastern Anatolia Project [5, 6] .
The damage and economical losses occurring due to expansive clays have caused researchers to investigate stabilization methods for these soils within years. Chemical stabilization methods are considered as a very convenient alternative, especially due to their low cost and easy applicability. Cement and lime being the most preferred stabilizers for stabilization of expansive clays have become the subjects of many studies [7] [8] [9] [10] [11] . The cation change, the flocculation of the clay and pozzolanic reactions take the lead in the change of engineering properties of soil stabilized with lime [3] . Literature shows that gypsum, zeolite and other industrial wastes have been used either by themselves, or in a combined way to increase their efficiency for stabilization of soils [12] [13] [14] [15] [16] [17] [18] . Stabilizers are categorized into two main groups as traditional and non-traditional stabilizers [19] . While traditional stabilizers include lime, cement, zeolite, gypsum and industrial wastes, non-traditional additives consist of different combinations such as liquid polymers, silicates, ions and lignin derivatives [20] . In recent years, nontraditional stabilization methods have been studied to seek substitutes for traditional stabilization materials such as cement and lime in soil stabilization applications. Usage of liquid additives has increased to improve geotechnical properties of soils [19, [21] [22] [23] [24] [25] . Also, traditional soil treatment materials have several shortcomings, especially from an environmental standpoint. Therefore, suitable eco-friendly materials such as biopolymers have been used as alternative stabilizers in recent years [26, 27] .
It has been observed recently that waste materials are widely used in stabilization works. Especially, the use of fly ashes as both structure materials and in soil stabilization provides great benefits in contributing to the economy, as well as decreasing the environmental pollution. The elimination of fly ashes occurring in thermal power plants conducting activities all around the world and seeking for their usage alternatives in different areas continues [28] . Fly ashes being an industrial waste are used in different construction applications such as concrete, structural backfills, embankments, liner and road base [29] [30] [31] [32] .
There are many studies carried out for the purpose of studying the impacts of fly ash additive on the swelling properties of soils [13, [33] [34] [35] [36] [37] [38] . In these studies, not only the swelling properties of the soil, but also their physical and strength parameters have been examined. In the study conducted by Cokca [33] , two different fly ashes in C class, cement and lime, have been used as stabilizers. According to the free swell testing method, it has been expressed that 20% fly ash level is the optimum limit to decrease the swelling potential of the clay soils. In addition, it has been observed that the curing time has a positive impact on the swell potential.
In the study carried out by Malekzadeh and Bilsel [13] , it was observed that improvement occurs both in the swelling and strength properties when Posidonia fly ash is added to a high plasticity clayey soil at the ratio of 10%.
In the investigation performed by Nalbanoglu [34] , it is seen that swelling potential decreased with an increase in percent fly ash treatment. Curing effect is also considered for swelling behavior. In addition, cation exchange capacity values have been used to indicate the changes in the mineralogy of fly ash treated soils and explain the reduction in the plasticity and water absorption potential. In another study, the impact of an F class fly ash and lime additive on the swell-shrinkage behavior and strength of a high plasticity clayey soil was examined. Assessments were conducted for an ash content varying between 0% and 15% and lime content varying between 0% and 3%. It was specified that the increase in the fly ash improve the swelling and shrinkage properties. Also, there have been negligible changes in unconfined compressive strength values of soil samples prepared only with fly ash additive when the curing application is not existent. However, the shear strength has efficiently increased together with the lime additive. Optimum fly ash content has been determined as 9-12% for 7 days of curing period [36] .
Bose [37] examined the swell percentage and pressure values for fly ash content changing between 0% and 90% and the change in unconfined compressive strength and California Bearing Ratio values. It was observed that while the swell potential decreases together with the increase in the fly ash additive level, unconfined compression test and California Bearing Ratio values reach a peak value at the additive level of 20%.
When the literature is considered, it is understood that generally a single type, fly ash class has been used for evaluation of expansive clay behavior. In this study; Catalagzi and Soma fly ashes classified as F and C were preferred as stabilizers according to ASTM C 618-00 standard. Two different clay soils with high and low plasticity were subjected to stabilization during the experimental studies and the impacts of the fly ash additive on the engineering properties of the soils were examined. For this purpose, Atterberg limit tests, compaction tests, swell percentage test, swell pressure tests and unconfined compressive tests under curing conditions of 1 day, 7 days and 28 days were performed. All of the tests were conducted at additive-free and 5%, 10%, 15%, 20%, 25% and 30% fly ash additive levels, and the findings were comparatively evaluated. The effect of the fly ash class were also discussed within the study.
Materials and methods

Soils
The soil samples used in this study were taken from the city of Eskisehir in the center of Turkey. Sieve and hydrometer analysis (ASTM D 422-63), consistency limits (ASTM D 4318-00) and specific gravity tests (ASTM D 854-00) were carried out to define the soils. According to the Unified Soil Classification System (ASTM D 2487-00), one of the soil samples was classified as high plasticity clay soil (CH) and the other one was classified as low plasticity clay soil. The compaction characteristics of the soil samples were determined with the Standard Proctor Test (ASTM D 698-00). The geotechnical properties of the soil samples used in the study are given in Table 1 . As seen in Table 1 , the soil sample expressed as Soil A contains clay particles more than other soil samples and has a higher activity. X-ray diffraction (XRD) analyses were carried out on the clay samples in Dumlupinar University Advanced Technologies Research Center ( Figure 1 ). According to the results of XRD analyses, it could be said that illite and kaolinite are the dominant minerals for Soil A and Soil B, respectively.
Fly ashes
The fly ashes used as the chemical additive in this study were obtained from Catalagzi and Soma Thermic Power Plants. XRD analyses were carried out on the fly ashes in Dumlupinar University Advanced Technologies Research Center. As seen in Figure 2 , it is observed that Catalagzi fly ash contains quartz and mullite and it is in the composite of aluminosilicate that is rich in silicium. It is understood that Soma fly ash contains mainly quartz, lime, anhydride, albite and labradorite. In this situation, it could be said that Soma fly ash is in the composite of calcium aluminosilicate.
The main components of Catalagzi fly ash are silica (SiO 2 ), alumina (Al 2 O 3 ) and ferrous oxide (Fe 2 O 3 ), and the total amount of all three components is 88.34%. The total amount of all three components is 82.04% for Soma fly ash. The amount of calcium oxide (CaO) is, respectively, 1.60% and 20.48% for Catalagzi and Soma fly ashes. According to ASTM C 618-00, Catalagzi fly ash is described as F class and Soma fly ash is defined as C class. The chemical compositions and geotechnical properties of the fly ashes are presented in Tables 2 and 3 . Table 3 shows that fly ashes have a non-plastic property. According to particle size distribution curves of fly ashes given in Figure 3 , the majority of fly ashes consist of particles in the silt dimension. The specific gravity value of Catalagzi fly ash is less than that of Soma fly ash. When the compaction characteristics determined in the Standard Proctor energy level are considered, it is seen that that Soma fly ash has higher maximum dry unit weight value when it includes less water content. In addition, it has been observed that Catalagzi and Soma fly ashes have less maximum dry unit weight value and higher optimum water content when compared to two separate soils, the geotechnical properties of which are given in Table 1 . 
Experimental program
The experimental works carried out for this study focused on examining the impact of the fly ash amount and fly ash class on the (i) consistency, (ii) compaction, (iii) swell, and (iv) strength characteristics of different soil types. A general frame of the experimental program is given in Table 4 . ASTM [39] standard was followed in the preparation, sampling and testing of the experiment samples. Before proceeding to the experiments shown in Table 4 , the clay soil samples were dried in an oven at 105 o C and after that, they were sieved from 4.75 mm (sieve no. 4) to obtain a uniform distribution. Dry fly ashes in different amounts (5%, 10%, 15%, 20%, 25% and 30% of the dry soil weight) were added to the prepared dry soil samples and mixed. The prepared fly ash-clay mixtures were mixed again with the addition of optimum water content determined with the Standard Proctor experiment. Special attention was paid to be able to attain a homogenous mixture in each 
phase while preparing all the mixtures. Swell percentage, swell pressure and unconfined compressive experiments were carried out on the samples compacted in the optimum water content.
Atterberg limit tests
Atterberg limit test was applied in each fly ash-clay mixture and ASTM D 4318-00 standard was respected during the experiment. The material passing from 4.75 mm was used to determine the liquid limit and plastic limit value of each mixture.
Compaction tests
The maximum dry unit weight and optimum water content value of the fly ash-clay mixture were reached at an energy level of 600 kN-m/m 3 that is equivalent to the standard compaction effort suggested in ASTM D 698-00. The samples were compacted in three layers inside a standard mold with a height of 116.44 mm and with a diameter of 1001.6 mm, and 25 blows were applied by dropping a rammer of 24.5 N weight on each layer. All experiments were repeated for different fly ash amounts. The dry fly ash and clay were mixed until attaining a homogenous mixture before the compaction during the tests. After that, all mixtures were initially mixed with a certain amount of water, i.e. 10.5-12.5% for the first compaction test at the beginning. Afterwards, the samples were remixed again with a suitable amount of additional water for each subsequent compaction test and experiments were completed.
Swell potential tests
The swell potential shows the degree of swell property and it is determined by different methods. In this study, the swell percentage and swell pressure tests were performed by using a PVC meter and expansion index method on the fly ash-clay mixtures.
A PVC meter test was used to determine the swell pressure of the mixtures. Because there is no standard procedure regarding this test, the method suggested by Lambe [40] was followed. During the experiments, the equipment modified by Turkoz [41] was used. In this method, the sample is soaked into water after being compacted inside the mold and after that, the pressure values occurring due to the prevented swell deformation are read in different time intervals. The expansion index test was carried out in accordance with ASTM D 4839-88 standard to determine the swell percentage of the soil samples with different additive contents. The swell percentage value attained by proportioning the final deformation values to the beginning height of the sample soaked into water under the pressure of 7 kPa is accepted as an important indicator in the assessment of the swell potential.
Unconfined compressive tests
The strength experiments of the fly ash-clay mixtures compacted according to their own compaction characteristics were conducted according to ASTM D 2166-00 standard. The samples were prepared inside the steel tubes in a way that the ratio of height/diameter shall be 2 (100 mm height, 50 mm diameter). The samples extracted from the tubes were placed in plastic bags and cured for 1, 7 and 28 days in a vacuum desiccator. This approach gave an opportunity to assess the impact of the curing period as well as the impact of the fly ash amount and fly ash type.
3 Results and discussion
Atterberg limit tests
The results of Atterberg Limit Test performed on mixtures are illustrated in Figures 4 and 5 for Soil A and Soil B, respectively. The abbreviations for CFA and SFA seen in the figures express Catalagzi fly ash and Soma fly ash and these abbreviations will also be used in the next sections. Figures 4 and 5 clearly explain the impact of the fly ash addition in increasing ratios on the variation trend of the consistency parameters. It is seen that the value of the liquid limit and plasticity index of the high plasticity clay soil decreases with the increase in Catalagzi fly ash and Soma fly ash amount (Figure 4) . The change in the consistency limit values is observed in utmost 25% fly ash additive level and the liquid limit and plasticity index value increases after this additive level.
In parallel with the results presented in Figure 4 , it is obvious that the value of the liquid limit and plasticity index of the low plasticity clay soil decreases with the increase in the amounts of Catalagzi fly ash and Soma fly ash ( Figure 5 ). The liquid limit value is a minimum at 30% additive level in Catalagzi and Soma fly ash added samples. The most significant change in the plasticity index values is that it occurred at 20% additive level in both fly ash addition and they tend to increase after this addition amount.
It could be said that the change of consistency limits occurs due to two different impacts. Firstly, fly ashes consist of particles in the silt dimension and as the fly ash amount increases, clay fraction decreases. Secondly, the fly ashes cause flocculation of the clay soil particles and decrease the diffuse double layer thickness of the clay particles.
The impact of the fly ash additives on the consistency limits also causes change in the soil classes. When the consistency limit values determined for different additive levels are processed to the plasticity card, Soil A sample, classified as CH at the beginning turns into CL class after 20% Catalagzi fly ash additive amount. The same soil sample has been called MH when the Soma fly ash additive amount is 10% and ML after 15% additive percentage. Soil B sample classified as CL turns into ML class after 15% Catalagzi fly ash addition. The same soil has been called as ML after 10% Soma fly ash additive addition.
When the impact of fly ash type on the consistency limit results is examined, it is understood that Soma fly ash is far more efficient when compared to Catalagzi fly ash. This impact is seen both in the clay soil with high plasticity and with low plasticity. For instance, while the change in the plasticity index of 20% Catalagzi fly ash added soil A sample is 53.3%, in the same additive amount, the change for Soma fly ash added soil A sample is 82.2%.
If a similar assessment is conducted also for Soil B, while the plasticity index value of the additive-free soil is 29, the plasticity index values of 20% Catalagzi and Soma fly ash added samples have been determined as 12 and 4, respectively. The main reason for this difference is the fact that Soma fly ash has more lime content. Due to these properties, its pozzolanic reactivity impact is more than that of Catalagzi fly ash. It has been understood that the test results are in accordance with those of the studies conducted by Mir and Sridharan [42] .
Mitchell [43] expressed that the plasticity index value of the soils is an important indicator of the swell potential. Therefore, it is expected that as the plasticity index value decreases, the swell potential will also decrease. As seen in Figures 4 and 5 , when the fly ash amount in almost all fly ash-clay mixtures increased up to the level of 20%, plasticity index values decreased and they increased after this level. When the results obtained are assessed again together with this point of view, it could be said that 20% fly ash content is the optimum level for decreasing the swell potential.
Compaction tests
Compaction characteristics have a very important impact on the engineering properties of the soil such as strength, compressibility, hydraulic conductivity and dispersibility. For this reason, the Standard Proctor test was conducted for each mixture with different fly ash content to see the impact of the fly ash addition on the strength and swell characteristics of the soil. The compaction curves of mixtures with different percentages of fly ashes are shown in Figure 6 . The results from compaction tests of the soil-fly ash mixtures are presented in Tables 5 and 6 . Also, the specific gravity of mixtures is calculated in these tables as stated by Mir and Sridharan [42] . It is understood that specific gravity values of Soil A-fly ash mixtures vary between 2.47 and 2.66. For Soil B-fly ash mixtures, specific gravity values are determined between 2.49 and 2.69. According to the results, it can be said that there is not much variation in specific gravity values of samples because of the fly ash percentage of mixtures up to 30%.
While the maximum dry unit weight value of the untreated Soil A sample was 16.4 kN/m 3 , the same value decreased to 14.9 kN/m 3 and 15.1 kN/m 3 when 30% Catalagzi fly ash and 30% Soma fly ash, respectively, were added. While the optimum water content was 17.2% for Soil A in the non-additive state, the optimum water content rose to 19.8% after 30% Catalagzi fly ash addition. When Soma fly ash was added in the same ratio, the optimum water content value was determined as 18.8% ( Figures 6A and B ). The maximum dry unit weight value of Soil B decreased to 15.9 kN/m 3 from 17.3 kN/m 3 when 30% Catalagzi fly ash was added. When Soma fly ash was added in the same ratio, the maximum dry unit weight value was determined as 16.1 kN/m 3 . The optimum water content of the untreated Soil B sample being 15.8% was determined as, respectively, 17.0% and 16.5% after 30% Catalagzi and Soma fly ash addition (Figures 6C and D) .
It is understood that maximum dry unit weight value tends to decrease and the optimum water content tends to increase for both soil samples together with the increase in both Catalagzi fly ash and Soma fly ash from 0% to 30%. However, test results away from this trend could also be seen for some additive amounts. It is thought that these differences may occur due to the errors that could not be controlled during the preparation of fly ash-soil-water mixture. The specific gravities of Catalagzi and Soma fly ashes used in the study are, respectively, 2.02 and 2.23. These values are too low compared to specific gravity values of pure clay soils. For this reason, the specific gravity of fly ash-clay mixture decreases together with the increase in the fly ash amount and this situation causes the decrease in the maximum dry unit weight value. In addition, Lees et al. [44] expressed that there could be a decrease in the dry unit weight due to the fact that the immediate formation of cemented products decreases the compactibility.
Swell potential tests
Swell percentage time relations obtained during the swell tests carried out on the mixtures with different fly ash contents are seen in Figure 7 for two separate soils. It is observed that the swell percentage significantly decreased together with the addition of fly ashes consisting of particles in silt dimension and having a non-plastic property. When Catalagzi and Soma fly ash content was increased up to 30% for both soil samples, the swell percentage value decreased, but the decreasing trend in the swell percentage value slowed down after 25% fly ash amount (Figures 7A-D) . In the event that Catalagzi fly ash was increased from 0% to 30%, the decrease in the swell percentage values occurred gradually for both soil samples. However; when Soma fly ash was added at as much as 5%, the swell percentage decreased very rapidly for both Soil A and Soil B (Figures 7B and D) . In addition, final swell occurred in a shorter time together with the increase in Soma fly ash amount. The swell percentage of the Soil A sample in the non-additive state was determined as 7.03%. The swell percentage values were obtained as 2.58% and 1.04% together with 30% Catalagzi and 30% Soma fly ash addition. While the swell percentage of Soil B sample with low plasticity in the non-additive state is 4.09%, it decreased to 0.60% when 30% Soma fly ash was added. Swell percentage value was determined as 1.39% for Catalagzi fly ash in the same amount. Figure 8 is presented to be able to see the effect of both separate fly ashes on the swell percentage clearly. According to results given in Figures 8A and B , Soma fly ash is far more efficient than Catalagzi fly ash. For instance, in the same fly ash content for the Soil A sample, Soma fly ash provided approximately two times less swell percentage value on average when compared to Catalagzi fly ash ( Figure 8A ). When 30% Catalagzi fly ash was added to the Soil A sample, the final swell percentage value was almost equal to the result with 10% Soma fly ash mixture. In addition, 25% additive content seems optimum for Soma fly ash. The variation of swell percentage is in a negligible level after this additive amount.
Swell pressure time relation, which is another parameter used in the assessment of swell potential, is illustrated in Figure 9 . As in swell percentage, the swell pressure value tends to decrease together with the increase in the fly ash amount. The greatest decrease in the swell pressure value seems to be at the 30% additive level for both soils (Figures 9A-D) . The swell pressure value was 57.63 kPa for the Soil A sample in the nonadditive state and it decreased to, respectively, 25.46 kPa and 14.77 kPa values when 30% Catalagzi and Soma fly ash were added ( Figure 10A) . Similarly, swell pressure values reached 7.86 kPa and 4.58 kPa values, respectively, together with the addition of 30% Catalagzi and Soma fly ashes to the Soil B sample with 16.40 kPa swell pressure value ( Figure 10B ). While the swell pressure values drastically decreased when the fly ash content in Soil B Consequently, both swell percentage and swell pressure decreased with the increase in the fly ash content. The fly ashes caused flocculation of the clay particles due to multivalent cations they have and they decreased the swell potential. 
Unconfined compressive tests
The effect of the fly ash amount on unconfined compressive strength results is shown in Figure 11 . The test results are shown in terms of the ratio of strength value of reference soil within a curing period of 1 day in the nonadditive state to be able to understand the impact of the fly ash amount on the unconfined compressive strength more clearly. With a general point of view, the unconfined compressive value reached a peak value for 25% additive amount in all the samples and it decreased after this fly ash amount, except for mixtures with Soma fly ash under 28 days curing (Figures 11A-D) . In addition, it was understood that the curing period also had a positive effect on the results. The non-additive Soil A sample had an unconfined compressive strength of 285.65 kPa under the conditions of curing for 1 day. The 5% Catalagzi fly ash addition decreased the unconfined compressive strength to a value of 257.09 kPa for the curing period of 1 day. It was determined that the unconfined compressive strength was between 1.15 and 1.30 times that of the compressive strength of the non-additive sample in the event that Catalagzi fly ash amount was between 10% and 30% in the mixtures within the curing period of 1 day. The impact of Catalagzi fly ash content on the results was much greater in the curing period of 28 days and it caused a sudden increase in unconfined compressive strength, especially for 15% fly ash amount. After this additive amount, a gradual increase occurred up to 25% fly ash content and the unconfined compressive strength reached 1088.33 kPa, which is the peak value for 25% fly ash amount. Twenty-eight days of unconfined compressive strength value decreased to the value of 1065.47 kPa for 30% fly ash amount.
As seen in Figure 11A , Catalagzi fly ash did not form an efficient improvement for the soil A sample in the curing period of 1 day. However, it could be said that Soma fly ash had a greater contribution to unconfined compressive strength value for this curing condition compared to Catalagzi fly ash ( Figure 11B ). The peak unconfined compressive strength values of 559.87 kPa and 948.36 kPa were obtained for 1 day and 7 days curing when the Soma fly ash content was 25%. However, in the curing period of 28 days, the highest unconfined compressive strength reached 1442.53 kPa in content of 30%. Especially, Soma fly ash causes a sudden increase in unconfined compressive strength, especially in 15% fly ash amount for 28 days curing period.
The impact formed by Catalagzi and Soma fly ash on the unconfined compressive strength values of the Soil B sample with the characteristics of low plasticity is similar with Soil A samples. It reached the highest unconfined compressive strength value when it reached 25% fly ash content for 1 day and 7 days curing periods ( Figures 11C  and D) . The unconfined compressive strength value of the non-additive Soil B sample is 215.41 kPa under the curing conditions of 1 day. While the unconfined compressive strength value with addition of 25% Catalagzi fly ash increased to a peak value of 657.00 kPa in the curing period of 28 days, the highest compressive strength value was obtained as 915.49 kPa with addition of 30% Soma fly ash at the same curing condition.
When the results obtained for both Soil A and Soil B are evaluated in a detail, 25% Catalagzi fly ash content is optimum in terms of unconfined compressive strengths for curing periods of 1 day, 7 days and 28 days. It could be noted that similar results are seen in mixtures with Soma fly ash, except for samples under the curing condition of 28 days. Compressive strength reached its highest value when Soma fly ash content was 30% for 28 days curing period. It is seen that the curing period has a more important effect on the strength results, especially for samples with a curing period of 28 days. It is noteworthy that the curing effect is much greater for mixtures with Soma fly ash additive. This situation is due to the pozzolanic and self-cementing properties of Soma fly ash.
Conclusions
In this study, the impact of F class Catalagzi fly ash and C class Soma fly ash on the consistency, swell and strength properties of two different soils with high and low plasticity was examined and the following results were reached: i. The plasticity index values decreased when the fly ash amount was increased to the level of 20% in almost all of the fly ash-clay mixtures and they increased after this level. For this reason, it was understood that 20% fly ash content is the optimum level. In addition, Soma fly ash had far more impact on the consistency limits due to its high CaO content when compared to Catalagzi fly ash. ii. Together with the increase in the amount of fly ash having broken hollow spheres and less specific gravity value compared to the soil, while the maximum dry unit weight values decreased, the optimum water contents increased. This behavior was observed for the soil sample with both high and low plasticity. iii. When the percentage of fly ashes that is in the nonplastic characteristic were increased up to 30% for both soil samples, the swell percentage and swell pressure values being the significant indicators of swell potential decreased. However, the decreasing trend in the swell percentage and swell pressure values decelerated, especially after 25% fly ash additive content and negligible changes occur. For this reason, it could be said that the optimum fly ash amount is 25% for the swelling behavior. iv. Soma fly ash is far more efficient on the swell percentage when compared to Catalagzi fly ash. The swell percentage value attained when 30% Catalagzi fly ash was added to the Soil A sample was almost equal to the result of the mixture with 10% Soma fly ash. Similarly, the swell percentage value attained when 30% Catalagzi fly ash was added to the Soil B sample was so close to the swell percentage of the mixture with 15% Soma fly ash. v. Unconfined compressive values increased up to 25% Catalagzi fly ash amount in almost all of the fly ash-clay mixtures and it decreased in 30% additive amount for curing periods of 1 day, 7 days and 28 days. For this reason, 25% fly ash content is accepted as optimum in terms of strength. vi. Similar strength behavior was observed for mixtures with Soma fly ash additive for 1 day and 7 days curing conditions. However, the maximum compressive strength value was obtained under a curing period of 28 days when the Soma fly ash content was 30% for Soil A and Soil B. vii. When both soil samples are considered, Soma fly ash is far more efficient on the compressive strength when compared to Catalagzi fly ash due to a high CaO content. viii. The unconfined compressive values of the mixtures increased as the curing period increased. However, the curing period became far more efficient on the compressive strengths of mixtures with Soma fly ash that both have a pozzolanic impact and that are self-cemented.
The findings attained as a result of the study demonstrate that especially Soma fly ash could be more efficiently used when compared to Catalagzi fly ash for the purpose of decreasing the swell and strength problems. The use of fly ashes as chemical stabilizers shall both decrease their damages to the environment and the fly ashes shall be a gain to the economy.
